Indole acetic acid (IAA), membranes, electrochemical potential, ion uptake, membrane potential
In an earlier investigation 1 it was shown that the ion uptake isotherm of young Mnium leaves in the concentration range of 1 -10 MM salt was linear, while old Mnium leaves showed a typical saturating system 2 2 isotherm. This finding was related to differences in ultrastructure between young and old Mnium leaves 3 . IAA (indole acetic acid) is effective in morphogenetical regulation in mosses [4] [5] [6] and we therefore endeavoured to unravel further aspects of ion uptake by young and old Mnium leaves as influenced by this growth regulator.
There has been a continuous argument as to whether growth regulators act at the transcriptional or the translational level in the cell or whether they act at membranes, changing ion transport characteristics. Effects of IAA on ion transport have been repeatedly reported [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . Recently HAGER and coworkers 18 
Materials and Methods
The experiments described here extended over several years. At the end of this pretreatment samples of about 150 mg fresh weight were blotted dry and transferred to 25 ml of the uptake solution, in which they were kept for 3 hrs at 25 °C. The uptake solutions contained the appropriate labelled ions at concentrations of either 0.2 mM or 10 mM. The molarities of CaS04 or CaCl2 were the same as those in the pretreatment solutions. The labelled ions investigated were Cl~ (applied as KCl, labelled with 36 C1), S04" (applied as K2S04, labelled with 35 S, and K + (applied as KCl or K2S04, labelled with 86 Rb a widely used tracer in K + transport studies in higher plants 19 ) .
IAA (indole acetic acid) was added to the uptake solution as an alcoholic solution. ethanol without added IAA were pipetted to the controls, so that the final ethanol concentration was 0.1% in all flasks. Solutions were unbuffered to avoid uptake solutions of unduly complex ionic composition. Table I gives the pH in the solutions used in relation to increasing IAA concentration. Up to 10~5 M there is little discrepancy in pH of IAA solutions as compared with controls. Above 10~5M there is a significant acidi- Table I , there is an increase in H + concentration in the external solutions after a 3 hrs uptake period. This would indicate an apparent H + net-flux. However the experiment has been designed solely to test possible pH discrepancies between controls and IAA solutions, and it is not adequate to permit comparative conclusions on H + or OH" fluxes.
In experiments with 35 S04~ ~ and 36 C1" the moss material was washed 2x15 min in ice cold solutions of 10~4M CaCl2 or CaS04, respectively, at the end of the uptake period in order to exchange the free space. In experiments with 86 Rb + the washing solutions contained the same amount of unlabelled salt as the uptake solutions. No particular efforts for illumination or darkening of the tissue during tracer uptake have been made (room light!).
After washing the plant material was blotted dry and the fresh weight determined. In experiments with 86 Rb the material was dried on planchets with the addition of a drop of \% aqueous gelatine solution to glue 
Results

Tracer uptake experiments
Membrane potentials
Since at 0.2 mM KCl specific effects of IAA on cation uptake by old Mnium gametophytes have been observed, potential measurements were performed under these conditions. Resting potential between the Mnium leaf cells and the 0. In an older series of measurements gametophytes treated for 48 -72 hrs in 0.1 mM CaS04 followed by a 30 hr treatment with 0.2 mM KCl + 0.1 mM CaS04 gave K + and Cl -contents of 40 and 13 //moles X g fresh weight -1 respectively giving calculated Nernst potentials of -136 mV and + 107 mV respectively. The significance of these values will be considered in the discussion.
In all experiments no elfect of IAA concentrations up to 10 -5 M on the membrane potential was observed. At 10 -4 and 10 -3 M IAA a reversible depolarisation of approximately 100 mV was found both in the Canberra experiments and in some of the Darmstadt experiments. This may be an interesting phenomenon. However, although solutions have been buffered and buffer controls have been run in the Darmstadt experiments there remain some uncertainties regarding its significance and reproducibility, and no further emphasis will be given to it in the discussion.
Discussion
The results clearly show a selective effect of IAA on cation uptake by old Mnium gametophytes. Cation uptake is enhanced while anion uptake is not affected. The different reactions of young and old Mnium gametophytes are somewhat difficult to explain. They may, however, be due to different endogenous contents of IAA and of other interacting growth substances. The salt concentration dependence of the enhancement of K + uptake by IAA -observed at 0.2 mM KCl and K2S04 but not at 10 mM salt concentration -may be due to nonspecific effects of high external salt concentration on membrane permeability which have not been further elucidated here.
The IAA-induced enhancement of K uptake in the absence of any change in the electropotential gradient, might be explained as either an increase in permeability or by a stimulation of a K influx pump (where K influx is electrically balanced by anion influx or cation efflux). Passive aspects of the system may be described by the Goldman voltage equation 20 :
where E is the membrane potential, K0, K\, etc. are the ion activities outside and inside the cell respectively, and Pk , Ps,a an d Pc\ are the permeability constants for potassium, sodium and chloride respectively.
As noted under Results at K0 = 0.2 mM the Nernst potential for K, EK, is approximately -157 mV whereas the membrane potential is -200 to -220 mV. Thus the membrane potential is much more negative than can be explained by passive diffusion and an electrogenic pump may be inferred 21 ; that is, E is comprised of the sum of the diffusion potential, as expressed in Eq. (2), plus a potential derived from a pump contributing a current. In any event the driving force on K, , should be:
thus giving E% equal to -43 to -63 mV. As a result K influx is downhill and an IAA-induced increase in membrane permeability (for K only) might explain the enhanced uptake of K. inward. This appears to be in accord with the theory of HAGER et al. 18 according to which IAA induces a H-efflux dependent upon high energy phosphate.
The effect of IAA on the anion fluxes is less, or not 1
